Abstract -Cytomorphological studies and RAPD analysis was carried out in parents, F 1 hybrid, F 2 and BC 1 generations of cross between Gossypium arboreum var. MPKV GMS and G. thurberi. Substantial variability for the different morphological characters in the F 2 and BC 1 generations was observed. F 1 hybrid showed chromosome configurations 9.4
INTRODUCTION
Gossypium thurberi Tod., (2n=2x=26; D 1 D 1 ), is a wild American species possessing many desirable characters of economic importance e.g. prolific boll bearing, fibre strength (latent feature) and resistance to frost, wilt, gummosis and boll worms Sikka and Joshi (1960) . Further, it is a source species for transferring pink boll worm immunity (Harl and 1940) and fibre strength (Brown 1949) .
Earlier records of utilization of G. thurberi date back to 1938 when Mauer crossed F 1 of G. thurberi x G. arboreum with G. arboreum. The F 1 set seeds (Anonymous 1942) and lint was short and silky (Anonymous 1945 ).
Induction of polyploidy by doubling of chromosomes of F 1 hybrid G. thurberi x G. arboreum was attempted (Harl and 1940; Beasl ey 1940; 1942; Zhurbin 1941; Beasl ey and Richmond 1940; Anonymous 1945; Ganesan 1946; 1947 and Brown 1949) . Amphidiploids were completely male sterile with female fertility (Harl and 1940; Beasl ey 1940; 1942) . However, exceptional cases plants like sterile plant bearing one female fertile branch (Zhurbin 1941) and pollen was nonviable (Beasl ey 1940; 1942) ; however, a branch bearing a single flowers with abundance of functional pollen (Beasl ey 1940; 1942) were also reported. The seeds produced by the doubled F 1 were either fuzzy or naked; the plants showed seasonal rhythm in flowering, (Anonymous 1945) ; male sterility except during monsoon (Ganesan 1946 .54 IV chromosome configurations were observed in F 2 and BC 1 generations, respectively. Very low trivalent (0.50) and (0.34) for quadrivalent indicated the homology between the paired chromosomes and the chances of exchange between chromatid formed two different species. Thus, the inter genomic transfer of desirable genes responsible for pink bollworm (Pectinophora gossypiela Saunders) tolerance and better fibre quality parameters from wild G. thurberi to cultivated G. arboreum is possible. There was considerable variation in the ability of individual primers to detect DNA polymorphism. The OPA 12 showed the creation of priming sites during meiosis of one of the parent leading to the generation of new amplification product in F 1 and most probably it is from G. thurberi. These unique markers would have originated due to recombination, mutation or random segregation of chromosomes at meiosis during hybrid formation. The F 2-2 progeny showed one additional band than F 1 , might be due to reverse recombination event happened in F 1 plant. Similarly, F 2-1 progeny show the recombination event and in F 2-5 , F 2-6 and F 2-8 loss of priming site. Sufficient homology observed between A and D chromosomes indicated quite high chances of getting recombinations of pink bollworm tolerance because of repellent scent present in petals of G. thurberi which prevent oviposition of the moth on plant.
Key words: G. arboreum, Gossypium spp., G. thurberi, Pectinophora gossypiella, pink bollworm, RAPD analysis, resistance. thurberi x G. arboreum) x G. hirsutum var Cocker-1000. In their progeny plants with finer fibre with convolutions than G. hirsutum parent and low ginning percentage were isolated. Further, in lines developed from similar crosses had strong lint of brown colour and 25mm length were reported (Anonymous 1945 ). Ganesan in 1946 named "Thurboreum" to a cross between Thurberi x arboreum that set bolls after selfing and was also crossed with G. hirsutum and G. barbadense. Better spinning and fibre strength were transferred from G. thurberi to G. hirsutum by using the amphidiploid (G. arboreum x G. thurberi) x G. hirsutum (Anonymous 1957) . Brown (1949) used G. thurberi to introduce genes for fibre strength in to cultivated diploid cottons. Later on Knight et al. (1952; 1953) ; Cunay (1952) and Ganesan (1947) transferred high fibre strength and boll worm resistance from G. thurberi. According to Iyengar (1957) G. thurberi is useful in building cotton with good fibre length, fineness and pest and diseases. Some resistance to boll worms in early stage just to beginning of flowering was observed in G. thurberi (Anonymous 1944) which might due to repellent substance present in the petals of the flowers of G. thurberi that prevent oviposition by the moth on the plant. In addition small and smooth bolls of G. thurberi contribute for the resistance (Ganesan 1947 ) boll rind thickness (Paint er 1951) and early flowering (Thombre and Mehet re 1981) . Attempts to transfer boll worm immunity from doubled hybrid (G. thurberi x G. arboreum) to cultivated cottons (Harl and 1940) x G. hirsutum and G. barbadense were made.
MATERIALS AND METHODS
Materials viz., (a) Gossypium arboreum var. MPKV GMS; (b) G. thurberi (P 2 ); (c) F 1 hybrid, (G. arboreum var. MPKV GMS x G. thurberi); (d) F 2 population of 33 plants; and (e) BC 1 population 9 plants were studied during present investigations.
The seeds were pretreated (Mehet re and Narayanan 1991) and were sown in the experimental field. All the recommended cultural and plant protection practices were adopted to raise a normal crop. The various morphological characters were studied in these parents, F 1 and F 2 and BC 1 generations (Table1). For cytological analysis, young flower buds of all these plants and their respective parents were fixed in Cornoy's fluid (6:3:1) and squashed in 1% aceto-carmine. The analysis of PMCs was made from temporary mounts (Johansen 1940) . Flowers were collected during 9-10 a.m for pollen sterility test with differential stain (Al exander 1969). Microphotographs were taken on coloured film with the help of Ricoh XR-X-3000 35mm Camera mounted on Leica, DMLS Microscope.
For DNA extraction, young leaves from field grown plants were used in case of offspring. For isolation of DNA from seeds, procedure of Krishna and Jawal i (1997) was used. CTAB method of Pat erson et al. (1993) modified by Vroh et al. (1996) using activated charcoal was employed for extraction of DNA from leaves. The DNA was dissolved in TE, treated with RNase, purified by chloroform and isoamyl alcohol (24:1) and precipitated with ethanol and sodium acetate. The DNA was quantified by flourimetry after staining with Hoechst 33258.
DNA amplification -DNA amplification was performed on a Techne Thermal cycler in 25 µl reactions consisting of 2 µl 10 x buffer (Tris HCL, pH 8.8, 1.5 mM MgCl 2 , 50 mM KCl, 0.1 % gelatin) 100 µM each of dNTP's 0.2 µM of primer, 0.1 U Taq polymerase and overlaid with paraffin oil. Following an initial denaturation step of 94 0 C for 4 mins, the amplification programme was 45 cycles for 1 min. at 94 0 C, 1 min at 36 0 C and 2 min at 72 0 C. After amplification, the amplification products was separated in 1.5 % (W/V) agarose gel in 1 x TBE buffer, bands stained with ethidium bromide and visualized under UV light. Amplification was performed with different primers and the amplification was repeated with different DNA preparations and reproducibility of bands verified. Amplified RAPD markers will be scored as present (+) or absent (-) for each sample (Will iams et al. 1990 ). The Similarity of samples was calculated as follows (Chapco et al. 1992 and Wil dl e et al. 1992 ).
NAB Similarity index = ------------NA+NB
where NAB = number of bands shared by individuals A and B; NA = number of bands in A; NB = number of bands in B.
RESULTS AND DISCUSSION
The means of the various biometrical observations recorded in P 1 , P 2 , F 1 , F 2 and BC 1 of cross G. arboreum MPKV, GMS x G. thurberi (Table  1 (Table 1) . Parents showed wide range of variation for plant height, number of sympodia, length of monopodia, length of sympodia and leaf area. F 1 mean were greater than either of parents for the characters viz., number of monopodia, length of sympodia, petiole length, petal length indicated heterosis and over dominance for these characters. While F 1 mean performance for plant height, length of monopodia, leaf area was intermediate between two parents (Table 1) .
Significant declines in the performance of F 2 mean from F 1 mean observed for number of monopodia, length of monopodia, length of sympodia, petiole length, style length, petal length.
There is no significant increase in bracteole number in F 1 , F 2 and BC 1 generations. The increased mean performance in F 2 over F 1 observed for the characters plant height, number of sympodia, leaf area and motes (immature seeds)/ boll. While in BC 1 generation lint performance increased over F 1 for the characters number of sympodia, leaf area, style length and lint weight ( Table 1) .
The bracteole shape and size of F 1 hybrid ( Fig.  1: 1, F 1 ) was intermediate between G. arboreum ( Fig. 1: 1, P 2 ) and G. thurberi ( Fig. 1: 1, F 1 ) . Similarly, corolla size, petal colour and petal spot of G. arboreum ( Fig. 1: 2 (Fig. 2, F 1 ) over G. thurberi (Fig. 2, P 2 ) .While wide variation for this character was noticed in F 2 plant No. 1-9 as well as BC 1 plant No. 1-7 generations (Fig. 2) .
Petal spot and androecium size and anther colour of G. arboreum (Fig. 3, P 1 ) was distinct from G. thurberi (Fig. 3 , P 2 ) while F 1 (Fig. 3, F 1 ) was intermediate for these character. These characters showed wide variation in expression in F 2 plants (Fig. 3, F 2 -1, 3-10) as well as in BC 1 plants (Fig. 4) . Wide variation was also observed for petal colour, intensity and size of petal spot (Fig. 4-1 ) size and colour of androcious (Fig. 4-2 ) and bractole size and shape (Fig. 4-3 ) in plant Nos. 1, 2 and 3 of back cross generation.
Seeds of G. arboreum was fuzzy and large ( Fig. 5 , P 1 ) while they were naked and small ( Fig. 5,  P 2 ) in G. thurberi. Incomplete dominance for the naked seed and seed size was noticed in F 1 (Fig. 5,  F 1 ) seeds of the plant no. 9 from F 2 generation had similar seed characters to F 1 (Fig. 5, F 2 9 ).
Cytological Studies -The cytological observations in both the parents indicated the normal meiosis; it is definitely due to normal pairing of chromosomes during first meiotic division followed by separation of chromosome during first anaphase and separation of chromatids during II nd anaphase leading to formation of normal sporads and normal pollen grains (Fig.s 6, 7) . Both the parental lines had high degree of pollen fertility and germination however; F 1 hybrid showed chromosome configurations 9. IV while in another cross G. nankin x G. thurberi, Webber (1939) reported 24 I and 1 II (Table 2). The differences in the data of chromosomal pairing might because of genetic constitutions of the parental material used in the present study are different from earlier worker. The bivalent formed might be due to homologous pairing A and D genomes of G. arboreum and G. thurberi respectively. While the univalent chromosomes observed were might because of non-homology between the constituent A and D genomes. While the very low trivalent (0.50) and (0.34) for quadrivalent indicated the homology between the paired chromosomes and the chances of exchange between chromatid formed two different species (Phil l ips 1962).
Thus, it has increased the possibility of inter genomic transfer of desirable genes responsible for bollworm tolerance and better fibre quality parameters from wild G. thurberi to cultivated G. arboreum. The observations on the chromosomes pairing observed in the hybrid is confirmatory to Skovst ed (1937) the hybrid between G. arboreum x G. thurberi. Further, unequal separation of chromosomes (Table 3) and chromatids during I and II Anaphase led to the formation of unequal sporads with higher and lower sporads per PMCs than normal number of 4 (Table 4) is also confirmatory to earlier reports.
Earlier, Harl and 1940; Beasl ey 1940 and 1942 reported female fertility but male sterility in G. arboreum x G. thurberi hybrids. Our results do not agree with these results as sufficient degree of fertility was reported (Ganesan 1946) . Ganeshan used the cross G. arboreum x G. thurberi which was self sterile and he could not backcross to either of its parents.
The average sporads formed in F 1 , F 2 and BC generation were 5.25, 5.11 and 4.90 respectively ranging from 3-6 sporads/PMC (Table 4) .
The pollen fertilizer and germinate in F 1 was lower than both the parents while they were found improved in F 2 and BC 1 generation (Table 5) . G. thurberi and some degree of fertility in this hybrid and indicated its use for transfer of desired genes into G. hirsutum cotton. Higher degree of self and cross fertility was attributed to regular pairing of chromosomes contrary few germinable seeds were obtained from which a population of plants were raised and studied which showed combination of characters from both the parents and hence these plants will be as excellent source for combining natural defense to stand against biotic stresses and drought existing in A genome chromosomes of G. arboreum (Innes 1966) .
Since sufficient homology exist between A and D chromosomes. There are quite high chances of getting recombination/s. Such recombination/s might have pink bollworm tolerance because of repellent scent present in petals of G. thurberi which prevent oviposition of the moth on plant Fig. 4 -Expression of petal colour and petal spot colour and intensity in BC 1 , generation. (BC 1, 1, BC 1, 2 and BC 1, 3= plant nos 1, 2 and 3 respectively from BC 1 generation). and confirm the immunity to bollworm (Hut chinson et al. 1938; Squire 1939) .
Further, in addition to these characters, it has resistant to wilt, frost, most importantly, the character prolificacy of boll, high lint yield, petal colour spinning and high lint fineness and strength (Narayanan et al. 1984) are also the important economic characters. Thus, the recombinants recovered during segregation of subsequent generation may likely to yield built in inherent characters combinations as mentioned above. Such improvement, genetic enhancement as a result of will be a source material for transfer of characters to the backgrounds of other G. arboreum genotypes. This will help in developing varieties/genotypes with fibre quality parameters as per needs of modern textile and spinning mills as they require high strength, maturity and elongation and medium micronaire value to suit high speed machine (Mehet re et al. 2005) .
The introgression of characters is confirmed on the basis of segregation data (Table 1) which indicated combination of characters. It is interestingly noted that one plant had petal colour of G. thurberi while its seeds are without fuzz (naked). Both the characters are descendant from G. thurberi and they may located on the chromosome/s of G. thurberi. The petal colour will have relation with bollworm tolerance. Since this plant is fairly fertile produced few bolls with well developed seeds and lint with slightly brown tinge. The feel of the lint is silky.
RAPD analysis -G. arboreum a diploid species having 'A' genome and G. thurberi with 'D' genome was crossed to study the compatibility of the genomes to remain together and its recombination frequency. Random amplified polymorphic DNA markers (Wil l iam et al. 1990 ) have been successfully used for species identification in most plants due to technical simplicity and speed of RAPD methodology (Gept es 1993) . The degree of polymorphism detected by different primers varied and thus there was considerable variation in the ability of individual primers to detect DNA polymorphism. The results obtained from OPA 12 showed the creation of priming sites during meiosis of one of the parent leading to the generation of new amplification product in F 1 and most probably it is from G. thurberi. These unique markers would have originated due to recombination, mutation or random segregation of chromosomes at meiosis during hybrid formation (Huchet t and Bot ha 1995 and Darnel l et al. 1990 ). The F2-2 progeny is showing one additional band than F 1 , it could be due to reverse recombination event happened in F 1 plant. Similarly, F 2 -1 progeny show the recombination event and in F 2 -5, F 2 -6 and F 2 -8 loss of priming site. Chromosomal crossing over during meiosis may result in loss of pairing sites in the offspring leading to novel RAPD markers in the offspring (Smit h et al. 1996) . Reverse event has been seen in primer OPA 5, OPB-7 and OPB 10 (Table 6 ) leading to similar banding pattern in all F 2 progeny to that of G. thurberi (Fig. 8) . However, recombination was seen in F 1 . Results indicated the lower degree of homology between the chromosome of G. arboreum and G. thurberi leads to lower recombination frequency. The intensity of bands were also varied in F 1 as well as F 2 progenies (Tab.s 7, 8). Wel sh et al. (1991) reported the variation in band intensities due to the abundance of specific site chosen by the primer in one genotype compared to others F 2 progenies. 
